Introduction 21
Mitochondria are cellular organelles responsible for the generation of energy-rich 22 adenosine triphosphate molecules in eukaryotic cells. In addition to this and other essential 23 functions, mitochondria carry their own genetic material in the form of mitochondrial DNA 24 (mtDNA) nucleoids. During meiosis, in contrast to the nuclear genome, mitochondrial genes 25 follow a non-Mendelian pattern of segregation through tightly controlled mechanisms that 26 typically favor uniparental inheritance, or the passing down of mitochondria predominantly 27 from a single parent to the progeny. In several eukaryotes, maternal inheritance is the 28 preferred mode of uniparental inheritance. Maternal inheritance is brought about by one of 29 many ways including subjecting paternal mitochondria to (i) sequestration and exclusion (Yu 30 and Russell, 1992) , (ii) selective lysosomal degradation via ubiquitination (Sutovsky et al., 31 1999 (Sutovsky et al., 31 , 2000 , (iii) simple dilution due to the large size of the female gamete in comparison to 32 the male gamete (Birky, 1995; Wilson and Xu, 2012) . Uniparental mitochondrial inheritance 33 has been suggested to be important for preventing the propagation of selfish cytoplasmic 34 transposable elements that could affect the nuclear genome (Hoekstra, 2000; Murlas 35 Cosmides and Tooby, 1981) . 36
In the unicellular eukaryote budding yeast Saccharomyces cerevisiae, mitochondria 37 are biparentally inherited by the meiotic progeny due to mixing of mitochondria from both 38 parental cells upon zygote formation (Strausberg and Perlman, 1978; Thomas and Wilkie, 39 1968; Zinn et al., 1987) . However, mitochondrial DNA (mtDNA) that occur in the form of 40 nucleoids seemingly remain anchored to their original locations in the zygote, thereby giving 41 rise to a homoplasmic cells within a few rounds of vegetative division following sporulation 42 (Nunnari et al., 1997) . During mitosis in S. cerevisiae, mitochondria in the mother cell are 43 tethered to the cell membrane via the mitochondria-ER cortex anchor (MECA) structure 44 7 exhibiting higher GFP signal and the two other, higher RFP signal (Figure 2A , bottom, Movie 105 S4). These observations were consistent with our measurement of normalized mean 106 mitochondrial intensities across the length of the cell ( Figure 2B ). We additionally visualized 107 meiotic mitochondrial inheritance in a cross between a cell containing fluorescently-labeled 108 mitochondria and a cell containing unlabeled mitochondria. Here too, we observed 109 localization of mitochondrial signal to one side of the zygote and two spores of the resulting 110 ascus ( Figure S1A, B) . The segregation of mitochondria that we observed could result from a scenario where 135 mitochondria underwent mixing upon zygote formation, but then subsequently de-mixed via 136 a different process. To test if this occurred, we acquired long-term time-lapse videos of fission 137 yeast cells undergoing meiosis. Again, we employed parental cells with differently labeled 138 mitochondria. We observed that the segregation of mitochondria occurred very early in the 139 meiotic cycle and was maintained during the later stages (n = 13, Figure 2C To confirm that the segregation of parental mitochondria resulted in 161 segregation of the parental mitochondrial DNA (mtDNA), we first set up a cross between a 162 cell expressing fluorescently labeled mitochondria and a cell lacking mtDNA nucleoids (rho 0 ) 163 (Haffter and Fox, 1992) . Then, we labeled mtDNA by vital 4ʹ,6-Diamidino-2-phenylindole 164 dihydrochloride (DAPI) staining of the resulting zygote (Williamson and Fennell, 1979) . In such 165 a scenario, all the mtDNA in the products of this cross would originate from the non-rho 0 166 parental cell. Accordingly, we again observed mitochondrial segregation in the zygote and 167 also observed complete colocalization between the labeled mitochondria and mtDNA (n = 11, 168 Figure 2D , Movie S6). These results indicate that mitochondria and hence mtDNA of the 169 parental cells remain segregated during meiosis and are thereby uniparentally inherited in 170 the meiotic progeny. 171
The dynein anchor Mcp5 tethers mitochondria to the poles during prophase I of meiosis 172
In budding yeast, the Mcp5 homologue Num1 forms a part of the MECA structure and 173 is essential for retention of mitochondria in the mother cell while the Myo2 motor carries 174 mitochondria to the bud on actin cables (Lackner et al., 2013) . The mitochondrial localization 175 at the poles that we observed ( Fig. 1 and Fig. 2A In zygotes and asci resulting from this cross, we observed that parental mitochondria 195 continued to remain segregated ( Figures S2D, S2E) . 196
We then proceeded to set up a cross between cells lacking Mcp5, but with GFP-and 197 RFP-labeled mitochondria. In stark contrast to wild-type zygotes, these Mcp5∆ meiotic cells 198 showed complete mixing of parental mitochondria in both early and late stages ( Figure 3C , 199 Movie S8). These observations were also substantiated by measurement of GFP and RFP 200 intensities across the length of the cell during all stages of meiosis ( Figure 3D , Movie S9). 201
Mcp5 comprises of a pleckstrin-homology domain, which is essential for its 202 attachment to the membrane, and a coiled-coil (CC) domain, that is required for its binding 203 to dynein (Ananthanarayanan, 2016; Saito et al., 2006; Yamashita and Yamamoto, 2006 Figure S1A or S2A. However, we saw that the fluorescence from the 209 mitochondria was distributed throughout the cell in both early and late stages ( Figure 3E and 210 F, Movies S10 and S11), indicating that Mcp5 indeed employs its CC domain to tether 211 mitochondria to the cortex during meiotic prophase I. 212
Dynein-Mcp5 spots on the membrane are devoid of mitochondria 213
When deleting Mcp5 to test its role in mitochondrial tethering, we not only knocked 214 down Mcp5, but also abrogated the oscillations that occur during the meiotic prophase (Saito 215 et al., 2006; Thankachan et al., 2017; Yamashita and Yamamoto, 2006) . To delineate the 216 specific role of the oscillations, if any, in facilitating parental mitochondrial segregation, we 217 sought to attenuate the oscillations of the horsetail nucleus while keeping Mcp5 intact. To 218 this end, we employed cells lacking the motor protein cytoplasmic dynein, which is essential 219 to power the oscillations (Yamamoto et al., 1999) , but has no effect on Mcp5 localization at 220 the cortex (Saito et al., 2006; Yamashita and Yamamoto, 2006) . We set up a cross between 221 parental cells containing a deletion of the dynein heavy chain (Dhc1) gene, but containing 222 differently labeled mitochondria, and visualized the distribution of mitochondria in the 223 resulting zygotes and asci. We observed that the parental mitochondria remained segregated 224 13 in both horsetail zygotes as well and asci ( Figures 4A and B , Movie S12 and S13) indicating 225 that the nuclear oscillations had no role to play in the segregation of parental mitochondria. Figure 4D , Movie S14), indicating that Mcp5 foci that anchored 250 dynein were typically precluded from tethering mitochondria. This result could explain the 251 slightly better mitochondrial segregation phenotype that we observed in Figure 4A and B, 252 since the lack of dynein in these zygotes made a few more Mcp5 foci available for binding by 253 the mitochondria. 254
A schematic summarizing these results is depicted in Figure 4E . progeny by an as yet unknown degradation mechanism that affects the MATa mitochondria 261 (Yan and Xu, 2003; Yan et al., 2007) . In U. maydis, the a2 strain, and not a1, contributes all of 262 the mitochondria by employing a mechanism that protects a2 mitochondria from degradation 263 due to the interaction of two genes at the a2 mating type locus, Rga2 and Lga2 (Fedler et al., 264 2009 ). In mammalian cells, sperm mitochondria typically enter the oocyte post fertilization, 265 but then undergo selective ubiquitination and proteolysis thereby effecting maternal 266 mitochondrial inheritance in the progeny (Sutovsky et al., 1999 (Sutovsky et al., , 2000 . 267
Here, we have discovered that the unicellular yeast, S. pombe also undergoes 268 uniparental mitochondrial inheritance. The progeny of a meiotic cross are thus homoplasmic 269 for either the h+ or h-parental mitochondria. S. pombe achieves uniparental inheritance by 270 employing the anchor protein of dynein, Mcp5, to tether mitochondria to the cortex during 271 meiotic prophase. While this mechanism relies on segregating mitochondria by their 272 anchoring to the cortex, other segregation methods are also possible such as the chloroplast 273 inheritance mechanism in the green alga Cylindrocystis, where the two chloroplasts from each 274 parent in the zygote do not mix or divide and are then individually distributed to the four 275 meiotic products (Smith, 1950) . 276
In S. cerevisiae, Num1 and Mdm36, which are key components of MECA, serve to 277 anchor mitochondria in the mother cell during mitotic anaphase (Lackner et al., 2013) . In 278 contrast to fission yeast, Num1 does not participate in the tethering of mitochondria to the 279 cortex during S. cerevisiae meiosis due to the programmed destruction of MECA by Ime2-280 16 dependent phosphorylation (Sawyer et al., 2018) . In S. pombe, the expression profile of Mcp5 281 peaks during meiotic prophase and drops to zero in the subsequent stages (Saito et al., 2006; 282 Yamashita and Yamamoto, 2006) ensuring that while mitochondria are anchored to the 283 cortex during the earliest stages of meiosis, mitochondria are dissociated from the membrane 284 prior to meiotic divisions I and II. 285
In budding yeast, Num1 cluster formation requires mitochondrial attachment and the 286 resulting clusters of Num1 are required for dynein anchoring (Kraft and Lackner, 2017; Schmit 287 et al., 2018) . In these cells, mitochondria and dynein occupy the same Num1 clusters, with 288 both dynein and mitochondria binding to Num1's CC domain (Lammers and Markus, 2015) . 289
While we too found that Mcp5's CC domain was required for binding to mitochondria, we 290 observed that distinct populations of Mcp5 clusters are required to anchor dynein and 291 mitochondria. Num1 clusters might accommodate both mitochondria and dynein by making 292 a fraction of molecules in the clusters available for dynein binding after mitochondrial 293 association. In fission yeast, the number of dynein molecules that form a cluster is roughly 294 equal to the number of Mcp5 molecules that make up a focus at the cortex 295 (Ananthanarayanan et al., 2013; Thankachan et al., 2017 
